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ABSTRACT 

Background: Food can affect the brain throughout the entire life cycle. Cognition refers to the mental processes 
involved in the acquisition of knowledge and the integration of these processes into responses such as the 
intelligence quotient (IQ). 

Objective: The purpose of this study was to compare intelligence quotient of children aged 6-10 years who were 
breastfed in their post-natal life versus those who were not exposed to breastfeeding. 

Patients and methods: A case control study was conducted on 56 children in Zagazig University Children 
Hospital, during the period from October 2018 to March 2019. They were divided into two groups. Group I: 28 
healthy children who were exclusively breastfed. Group II: 28 healthy children who were artificially-fed. All cases 
were subjected to: A constructed questionnaire assessing breastfeeding practices during the first two years as well 
as the current health status over the past years and current and past behavioral disorders. Clinical examination was 
done. Dietary assessment was done to assess current feeding and food intake practices. Special test; Wechsler and 
Primary Scale of Intelligence was done for all participants to assess the cognitive functions. 

Results: This study showed that, higher IQ in the breastfed group as compared to the artificially-fed group. 
Conclusion: Cognitive function of the child is increased with the increased duration of exclusive breastfeeding up 
to six months of age. The education of the mother positively influenced the IQ among children who were 
exclusively breastfed for 6 months but not the other groups. 
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INTRODUCTION 

Nutrition will affect the brain over the life cycle, 
with important consequences for mental health and 
degenerative diseases. Many aspects of nutrition, from 
whole diets to particular nutrients, influence brain 
structure and function. Cognition refers to the mental 
processes involved in the processing of information 
and the incorporation of these processes into reactions 
such as learning, attention, memory, intellect (IQ) and 
consciousness ®. 

Adequate supply of nutrients, beginning at the 
early stages of life, is essential to ensuring healthy 
physical and mental growth and long-term health. Low 
availability or access to food of sufficient nutritional 
quality or exposure to conditions that hinder the 
absorption and use of nutrients has contributed to large 
parts of the world's population being undernourished, 
poor in vitamin and mineral content, or overweight 
and obese, with major variations between population 
groups. Such conditions are frequently present at the 
same time and interconnected. Such developmental 
processes build on each other over time such that a 
small change in either of the processes can have a 
significant and long-lasting effect on brain structure 
and function. Postnatal nutrition, in particular 
breastfeeding, may not only control brain growth, but 
may also influence the child's developmental 
milestones ®. 
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It is important to know if slower infant weight 
gain is associated with weaker cognition in healthy 
infant populations, since rapid weight gain can cause 
some harm, including increased risk of obesity and 
related disorders later in life ®. 

Breast milk provides optimal nutrition for a 
growing infant, with compositional changes adapted 
to the changing needs of the baby. Human milk 
contains ample minerals and nutrients for the first six 
months of life. 

There is a clear association between 
breastfeeding and cognitive development in babies. 
This cognitive capacity is measured by IQ tests. 
Breastfeeding is important for brain growth and 
intelligence because it includes high amounts of long 
chain polyunsaturated fatty acids such as 
docosahexaenoic acid (D.H.A) and arachidonic acid 
(A.A). This also contains cholesterol, amino acids 
such as taurine, and even lactose broken down into 
glucose and galactose in the body. They are all 
essential nutrients for brain and central organ tissue ®. 


AIM OF THE WORK 

The aim of this study was to study the association 
between optimal infant feeding practices and the 
cognitive function in school aged children. 
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SUBJECTS AND METHODS 

A case control study was conducted on 56 healthy 
child aged 6 to 10 years attending Zagazig University 
Children Hospital, during the period from October 
2018 to march 2019. They were divided into two 
groups. Group I: included 28 healthy children who 
were exclusively breastfed comprising 15 males and 
13 females. Group II: included 28 healthy children 
who were artificially fed comprising 15 males and 13 
females. All cases were subjected to: A constructed 
questionnaire assessing breastfeeding practices during 
the first two years as well as the current and past health 
status over the past years and current and past 
behavioral disorders. Clinical examination was done. 
Dietary assessment was done to assess current feeding 
and food intake practices. Special test for the 
intelligence: Wechsler and Primary Scale of 
Intelligence was done for all participants to assess the 
cognitive functions. 


Inclusion criteria: Apparently healthy school-aged 
children 6-10 years old attending the outpatient clinic 
or nursery; with normal speech as regards their age. 
Children who were exclusively breastfed or who were 
exclusively formula-fed. 


Exclusion criteria: Children who were breastfed and 
artificial fed. Children with neurological and 
psychological diseases (as mental retardation, cerebral 
palsy, etc..). Children with chronic diseases. Patients 
with diseases that may affect their attention. 


Special test for the intelligence: 

The Intelligence quotient (IQ) was measured by 
the Wechsler and Primary Scale of Intelligence 
(WPPSI), which was done for all participants to assess 
the cognitive functions. The WISC Test (Wechsler 


Intelligence Scale for Infants) is an IQ test provided by 
school districts and psychologists to children between 
the ages of 6 and 16. The purpose of the exam was to 
explain whether or not the child is gifted, as well as to 
assess the cognitive ability and weakness of the pupil 
was obtained from the patient's parents ©). 


Ethical approval: 

Approval for the study was obtained from the 
Department of Pediatrics, University Hospitals of 
Zagazig, following the approval of the Institutional 
Review Board (IRB). The research was carried out in 
compliance with the World Medical Association's 
Code of Ethics (Helsinki Declaration) of human- 
related studies. 


Statistical analysis 

The statistical analysis of the data was carried out 
using the Excel system for data and the SPSS program 
version 16. In order to check the normality of data 
distribution, the K-S (Kolmogorov-Smirnoy) test was 
done. Data are presented as means (+) SD and range 
for quantitative data and in number and percentage for 
qualitative data. For the quantitative data, the 
independent Student t-test was used to compare the 
two classes. 

Chi square test was used for qualitative data. 
Spearman correlation coefficient was used to check 
the relationship between variable. P was considered 
significant if < or= 0.05 at 95 percent confidence 
interval. 


RESULTS 

All the checked data showed to be parametric. 
Table (1) showed that there was non-significant 
difference between the studied groups as regard age 
family size, order in family and sex. 


Table (1): Demographic data in between the studied groups 









































Variable Breastfed Artificial-fed t-test P value 
(n=28) (n=28) 
Age: 
Mean + SD 7.92 + 1.16 7.71 + 1.29 0.640 0.524 
Range 6.1—9.9 6-9.8 
Family size including parents: 
Mean + SD 4.82+1.28 4.68+1.46 0.382 0.704 
Range 3-7 3-8 
Order in family : 
Mean + SD 3.1+0.5 3.2+0.8 -0.56 0.577 
Range 1-5 1-5 
No. % No. % 72 P value 
Sex: 
Male 15 53.6 15 53.6 0.00 1 
Female 13 46.4 13 46.4 
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Table (2) showed that there was no significant difference between the studied groups as regard weight, height 


and mid arm circumference. 


Table (2): Anthropometric measurements of the studied groups 






































Variable Breastfed Artificial-fed t-test P value 
(n=28) (n=28) 
Weight: 
Mean + SD 17.5+2.8 18.242.7 0.952 0.345 
Range 12-20 11-19 
Height: 
Mean + SD 105.7422.9 104.04414.3 0.325 0.746 
Range 55-144 53-143 
Mid arm circumference: 
Mean + SD 18.1442.85 18.4+2.74 0.348 0.729 
Range 10-25 10-24 





Table (3) showed that there was a significant difference between the two studied groups as regard developmental 
milestones, verbal IQ, performance IQ and total IQ. 


Table (3): Comparing early developmental milestones and intelligence quotient (IQ) of children who 
were breastfed versus those artificially fed 



























































Variable Breastfed Artificial-fed 
(n=28) (n=28) x2 P value 
No. % No. % 
Developmental milestones: 
Normal 27 96.4 19 67.9 7.96 <0.05 
Delayed motor 0 0.0 3 10.7 
Delayed language 1 3.6 6 21.4 
Intelligence Quotient (IQ) 
Verbal IQ: T test P value 
Mean + SD 61.347.4 56.4+6.6 2.615 <0.05 
Performance IQ: 
Mean + SD 5045.5 46.643.3 2.805 <0.01 
Total IQ: 
Mean + SD 107.9+9.1 100.547.7 3.285 <0.01 











Table (4) showed that there was a strong positive significant correlation between breastfeeding and verbal IQ, 
performance IQ, and total IQ. While there was non-significant negative correlation between artificial feeding and 
verbal IQ, performance IQ and total IQ. 


Table (4): Correlation between breast feeding and other variables 
































Correlation r P 
Breast feeding and verbal IQ 0.534 <0.05* 
Breast feeding and performance IQ 0.562 <0.05* 
Breast feeding and total IQ 0.595 <0.05* 
Artificial feeding and verbal IQ -0.234 0.068 
Artificial feeding and performance IQ -0.262 0.089 
Artificial feeding and total IQ -0.295 0.094 








r = Spearman correlation coefficient 
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Figure (1): The correlation between breastfeeding and total IQ. 
Figure (1), showed that there was strong positive significant correlation between breast feeding and total IQ. 


Table (5) showed that breastfed group are 3 to 4 
times more likely to have total IQ more than 90. 


Table (5): Feeding pattern as a predictor of IQ 


























: Odds (95% 
Variable Eee CD p-value 
Feeding <0.05 
pattems 3.8 2.13-6.75 (S) 
DISCUSSION 


The study was conducted as assessment of the 
effect of the duration of exclusive breastfeeding on 
cognitive function assessed by the Intelligent 
Quotient (IQ) test in school aged children who were 
breastfed in their infancy and to assess differences 
in intelligence between breastfed and artificial 
formula-fed children also to detect relationship 
between type of feeding and cognitive development 
(Intelligence) in children at school age (6-10 years). 
The results of this study revealed that there was no 
Statistical significant difference between breastfed 
group and artificially fed group as regard age and 
sex of the child. Also, there was no statistical 
significant difference in order of the child between 
breastfed groups when compared to artificially fed 
group. 

However, Greene et al. © in their study found 
that first born children were significantly more 
likely to be breastfed. 

There was no Statistically significant 
difference between breastfed and artificially fed 
groups in the mean age of the mother. However, 
Ryan ™ found that' women who choose to breastfed 
tend to be older. 

The first breast milk after birth (colostrum) 
provides the infant with nutrition and immunity ®). 
Delayed initiation of breast-feeding can lead to 
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hypothermia. One study recorded higher rates of 
neonatal mortality (pooled odds ratio (OR): 2.02) 
for those who were breastfed after the first hour of 
birth compared to those who were breastfed within 
the first hour of birth ®. 

In the research conducted by Acharya and 
Khanal, they stated that, in the most recent 
Nigeria Demographic and Health Survey (NDHS) 
2011 survey, the chances of early breastfeeding 
were higher among mothers with primary education 
(OR: 1.52) and mothers with secondary or higher 
education (OR: 2.20) compared to mothers without 
education. Likewise, the incidence of early 
breastfeeding among mothers with secondary and 
higher education was higher in 2006 (OR: 1.66) and 
in 2001 (OR = 1.30). 

Similar findings have been reported by Khan 
et al. ® who reported that non-educated mothers 
(72.6%), mothers with primary education (63.6%), 
secondary education (65.90%) and tertiary 
education (68.6%) were also breastfeeding for a 
prolonged exclusive duration. There was no 
statistically meaningful association between gross 
motor milestone growth and length of 
breastfeeding. 

In the case of nocturnal feeding, a statistically 
significant increase was found in the breastfed 
group relative to the artificially fed group. The most 
possible reason is that breastfeeding is much 
simpler than using the formula when it comes to 
mixing, heating, cooling and washing the formula, 
which is difficult at night. The general trend of 
impaired sleep quality indicated that breast-feeding 
women showed better subjective sleep quality, but 
lower normal sleep performance, between four and 
fourteen weeks after childbirth than artificially 
fed@, 
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As regards anthropometric measurements of 
the groups studied, there was no substantial 
difference between the groups studied in terms of 
weight, height and high significant difference 
between the groups studied and the mid-arm 
circumference in the artificially fed group compared 
to the breastfed group. 

Similar results were published by Marseglia et 
al. "”) who found that breastfeeding and its longer 
length are likely to be correlated with a lower 
incidence of childhood obesity. Animal milk, but 
not the recipe. The present research showed that 
there were no variations in length and head 
circumference between the sample classes. 

Rozé et al. “) reported similar weight gain in 
the first 3 months, but breastfed infants increased 
less rapidly in the remainder of the first year: 
cumulative weight gain in the first 12 months was 
0.65 kg lower in the breastfed group. The length of 
benefit was comparable between classes. 

As regards the developmental milestones, we 
have seen a substantial later achievement of motor 
skills in the artificially fed community relative to 
the breastfed community. 

Evidence linking breastfeeding to early motor 
development was inconsistent, with some studies 
suggesting improved motor development in 
breastfed infants and infants “ but other studies 
showed no correlation or, more accurately, no 
increase in gross motor growth “> 16), 

Michels et al. “” reported that their result in 
relation to breastfeeding in combination with solid 
food can be interpreted as gross motor milestone 
achievement being 7% faster in these infants than in 
exclusively breastfed infants at any given age 
during their 27-months follow-up. 

Many studies reported that children who were 
breastfed perform better in tests of intellectual 
competence than those who were not. The 
correlation is seen for full-term babies and more 
strongly for those who are preterm or low birth 
weight. The IQ advantage for full-term infants is 
low, approximately three to four points, but is 
surprisingly consistent across studies. However, it 
is not clear if this disparity represents a direct 
nutritional benefit or a variation in socio- 
environmental variables that is more beneficial for 
breastfeeding women ®®, 

As far as IQ is concerned, there was a 
substantially higher IQ in the breastfed children 
community compared to the artificially fed 
community. The difference was 11 points in the 
sample. It is a clear indicator of the importance of 
breastfeeding and human milk for brain growth. 
While children who are deprived of their mother's 
milk have lower neurodevelopmental outcomes. 
Other workers have reported similar findings and 
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have also shown that the longer the duration of 
breastfeeding the greater its effects on child's 
intelligence 9”. 

There are three substances that may explain the 
association between breastfeeding and higher 
scores of intelligence tests. This may be due to the 
presence of long chain polyunsaturated fatty acids, 
such as arachidonic acid and docosahexaenoic acid, 
in breast milk @. In addition to these properties of 
breast milk, breastfeeding allows mothers to bond 
with their infant. These galactolipids are important 
for the production of the CNS. The amount of 
lactose in a species milk and the relative size of the 
brain varies and is the maximum in human milk ?”. 

Also Victora et al. °?) found that breastfeeding 
was positively correlated with IQ, higher education 
and adulthood income among subjects who have 
been followed since birth in the southern city of 
Brazil. Income among subjects who had been 
breastfed for at least 12 months was 20% higher 
than the average, and IQ explained 72% of the 
impact of breastfeeding on income. 

In contrast, Der et al. ® found that 
breastfeeding had little or no effect on children's 
intelligence. Researchers have found that "Most of 
the observed association between breastfeeding and 
cognitive development is the result of maternal 
intelligence”. 


CONCLUSION 

Breastfeeding provides superior nutrition for 
optimum development when exclusive during the 
first six months of life as shown by the significantly 
higher IQ in the breastfed group as compared to the 
artificially fed group of up to 15 points for children 
breastfed for 6 months and 4 points for those 
exclusively breastfed for 3 months. Cognitive 
function of the child is increased with the increased 
duration of exclusive breastfeeding up to six months 
of age. Even among the moderate socioeconomic 
status IQ of those exclusively breastfed for a longer 
duration is still higher than the artificially fed with 
differences of up to 13 points. The education of the 
mother positively influenced the IQ among children 
who were exclusively breastfed for 6 months but not 
the other groups. This may reflect a stronger degree 
of interactive learning, communication, 
responsiveness and thereby learning ability in these 
children. 
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